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(57) When controlling operation of heaters (3.|,3 2> 
3 3 ) or coolers provided in a plurality of thermal control 
objects (2^22,23), the priority for turning on the heaters 
or the coolers set based on temperature and speed of 
temperature response of thethermal control objects (2-,, 
2 2 ,2 3 ) is used to turn on a heater or cooler with higher 
priority and turn off a heater or cooler with lower priority, 
such that the sum of energy required for operating the 
heaters and the coolers does not exceed a predeter- 
mined value. Consequently, it is possible to reduce the 
peak energy (maximum energy) generated when a plu- 
rality of heaters and coolers are simultaneously turned 
on, thereby decreasing an affect on an energy supply 
system. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a thermal con- 
trol apparatus for applying simultaneous thermal control 
to a plurality of objects using heaters or the like, a space 
craft provided with said thermal control apparatus, and 
a thermal control method. For example, the present in- 
vention relates to thermal control for an artificial satellite, 
a space station, or a space craft such as a transporter 
for space navigation. 

2. Related Art 

[0002] Fig. 6 schematically shows a conventional 
thermal control system for an artificial satellite. The sys- 
tem includes a power source 1 , and a calculator 6 for 
determining/instructing ON/OFF of heaters 3, as will be 
described below. The calculator 6 includes a heater ON/ 
OFF determining circuit 7 for the heaters 3. A plurality 
of thermal control objects 2 V 2 2 , 2 3 ... 2 t ... (hereinafter 
will be referred to as "objects") are installed in an artifi- 
cial satellite. For each of the objects 2 is provided a heat- 
er 3-|, 3 2 , 3 3 ... 3j a temperature sensor 4^ 4 2 , 4 3 ... 
4j and a switch 5.,, 5 2 , 5 3 ... 5, ... for controlling ON/ 
OFF of the heater 3 according to instructions from the 
calculator 6. In the drawing, numerals 2 ~ 5 have sub- 
scripts 1 , 2, 3, ... i ... in this order from the top to indicate 
that a plurality of elements are provided. For an artificial 
satellite, the object 2 may include, for example, an elec- 
tronic device for attitude control, communication, data 
processing, power supply or the like, a propeller device, 
and an antenna device, which are disposed in the sat- 
ellite structure. 

[0003] The operation of a conventional thermal con- 
trol system for artificial satellites will be now described 
with reference to Figs. 6 and 7. In this related art system, 
ON/OFF control for the heaters 3 is performed in the 
heater ON/OFF determining circuit 7 based on the logic 
depicted in Fig. 7. 

[0004] First, at step S1 , the temperature Ti of each 
object 2i is measured using the temperature sensor 4i 
mounted on the object 2i. At step S2, the temperature 
Ti is compared with the lower limit control temperature 
Tia of the object 2i. When Ti < Tia, the calculator 6 in- 
structs the switch 5i to be ON according to step S3, so 
that the heater 3i is turned on to raise the temperature 
Ti. When Ti s Tia at step S2, thetemperatureTi is further 
compared with the upper limit control temperature Tib 
of the object 2i at step 4. When Ti g Tib, the calculator 
6 instructs the switch 5i to be OFF according to step S5, 
such that the heater 3i is turned off to thereby reduce 
the temperature Ti of the object 2i. When Ti < Tib at step 
S4, on the other hand, the current ON/OFF status for 
the heater is maintained (this operating condition is re- 
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ferred to as "hysteresis"). According to the above-de- 
scribed thermal control of the related art, the tempera- 
ture Ti of the object 2i is controlled within a range ap- 
proximately between Tia and Tib, as shown in Fig. 8. 

5 [0005] In the above-described thermal control system 
for artificial satellites, when thermal control is simulta- 
neously applied to a plurality of objects, the heaters con- 
sume power as shown in Fig. 9. Fig. 9 illustrates an ex- 
ample when three objects are thermally controlled by 

10 means of three heaters, respectively. The average pow- 
er of the three heaters is indicated by a dotted line. In 
this example, there is a possibility that all three heaters 
are simultaneously turned on, in which case the peak 
power consumption by the heaters is far greater than 

is the average power. In view of balance of heat, thermal 
control should be possible as long as power correspond- 
ing to the average power is continuously consumed by 
the heaters. In the conventional method, however, a sig- 
nificantly large peak power (maximum power) is pro- 

20 duced by simultaneously actuating a plurality of heaters, 
which adversely affects a power system of the artificial 
satellite. 

[0006] For example, more than a few of the artificial 
satellites in operation today actually have 100 or more 
25 heaters installed therein. In these artificial satellites, 
peak power consumption by the heaters reaches sev- 
eral to ten times the average power thereof and there- 
fore cannot be disregarded when compared with power 
requiredforvarious devices installed on the satellite. Ac- 
30 cordingly, the power system of the satellite must be de- 
signed so that it can supply power sufficient to cover 
such peak periods, but doing so introduces significant 
disadvantages regarding weight or cost of the satellite 
resulting from including such a power source with large 
35 maximum supply capacity. 

SUMMARY OF THE INVENTION 

[0007] The present invention was made so as to solve 
40 the above problems of the conventional thermal control 
for an artificial satellite or the like, and aims to reduce 
the peak energy (maximum energy) which must be sup- 
plied to heaters or coolers, which is produced when a 
plurality of heaters and coolers are simultaneously ac- 
45 tuated. 

[0008] To this end, in accordance with one aspect of 
the present invention, there is provided a thermal control 
apparatus comprising a plurality of heaters and/or cool- 
ers each controlled to be ON and OFF for changing a 

so temperature of each of a plurality of thermal control ob- 
jects; a plurality of temperature sensors each provided 
in each of said plurality of thermal control objects for 
measuring the temperature of said thermal control ob- 
ject and outputting the measured temperature; a heater 

55 and/or cooler ON/OFF priority reading table which, in 
response to input of said measured temperature, out- 
puts priority for turning on said plurality of heaters and/ 
or coolers, based on order values for turning on said plu- 
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rality of heaters and/or coolers, predetermined in corre- 
spondence with temperature, and said measured tem- 
perature; and an energy managing section for turning 
on the heater or the cooler with high priority and turning 
off the heater or the cooler with low priority based on 
said priority output from said ON/OFF priority reading 
table, such that a sum of energy supplied for actuating 
said plurality of heaters or coolers does not exceed an 
energy limit. 

[0009] In accordance with a second aspect of the 
present invention, each of said order values is deter- 
mined for every plurality of temperature levels within a 
temperature control range established for each of said 
plurality of thermal control objects. 
[0010] Further, in accordance with a third aspect of 
the present invention, said priority is determined based 
on the speed of temperature response of said plurality 
of thermal control objects. 

[0011] Still further, in accordance with a fourth aspect 
of the present invention, higher priority is assigned to a 
heater or cooler of a thermal control object with higher 
speed of temperature response and to a heater or cooler 
of a thermal control object whose measured tempera- 
ture is more approximate to a lower limit. 
[0012] In accordance with a fifth aspect of the present 
invention, said temperature control range includes a lev- 
el of upper limit approximate temperature adjoining the 
upper limit of said temperature control range, and when 
said measured temperature falls within said level of up- 
per limit approximate temperature, the heater or the 
cooler provided in the thermal control object having said 
measured temperature is turned off. 
[0013] In accordance with a sixth aspect of the 
present invention, said temperature control range in- 
cludes a level of OFF maintaining temperature, such 
that, when said measured temperature falls within said 
level of OFF maintaining temperature and a heater or 
cooler provided in the thermal control object having said 
measured temperature is in an off state, the heater or 
cooler is controlled to be maintained in an off state. 
[0014] In accordance with a seventh aspect of the 
present invention, the upper limit of said level of OFF 
maintaining temperature adjoins the lower limit of said 
level of upper limit approximate temperature. In accord- 
ance with an eighth aspect of the present invention, said 
energy limit is set to be slightly greater than the average 
energy level for said heaters or coolers in operation. 
[0015] In accordance with yet another aspect of the 
present invention, there is provided a space craft pro- 
vided with said thermal control apparatus for thermally 
controlling a plurality of thermal control objects. 
[0016] In accordance with still another aspect of the 
present invention, there is provided a thermal control 
method for controlling a plurality of heaters and/or cool- 
ers controlled to be ON and OFF for changing the tem- 
perature of each of the thermal control object, the tem- 
perature of each of said plurality of thermal control ob- 
jects being measured by one of a plurality of sensors, 



said thermal control method comprising a first step of 
determining priority for turning on said heaters or cool- 
ers based on said measured temperature; a second 
step of sequentially adding energy supplied for turning 

5 the heater or the cooler on, in the order starting from a 
heater or a cooler with higher priority of the heaters or 
the coolers whose priority is determined in said first step; 
and a third step of sequentially comparing the sum of 
energy sequentially added in said second step with an 

10 energy limit and, when the sum of energy exceeds said 
energy limit, turning on the heaters or the coolers cor- 
responding to the energy which was added immediately 
before the time when the energy limit is exceeded, 
wherein said first, second, and third steps are repeated- 

'5 |y executed. 

[0017] According to the present invention as de- 
scribed above, it is possible to reduce the level of the 
peak energy supplied from an energy supply system to 
heaters and/or coolers. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] These and other objects of the invention will 
be explained in the description below, in connection with 
25 the accompanying drawings, in which: 



FIG. 1 is a schematic diagram showing a structure 
of a thermal control apparatus according to one em- 
bodiment of the invention; 
FIG. 2 is one example of a heater ON/OFF priority 
determining logic of the present invention; 
FIG. 3 is one example of a heater peak power man- 
aging logic of the present invention; 
FIG. 4 is a graph depicting temperature response 
of the thermal control apparatus of the present in- 
vention; 

FIG. 5 is a graph depicting a change in the total 
heater power of the thermal control apparatus of the 
present invention; 

FIG. 6 is a schematic diagram showing a structure 
of a thermal control apparatus according to a relat- 
ed art; 

FIG. 7 is one example of a heater ON/OFF logic of 
a conventional thermal control apparatus; 
FIG. 8 is a graph depicting temperature response 
of a related art thermal control apparatus; and 
FIG. 9 is a graph depicting heater power of a related 
art thermal control apparatus. 
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50 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0019] A preferred embodiment of the present inven- 
tion will be described in further detail with reference to 
55 the accompanying drawings. 

[0020] Fig. 1 shows a structure of the thermal control 
apparatus according to one embodiment of the present 
invention. The apparatus includes a power source 1, 
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and a calculator 6 for determining ON/OFF instruction 
of heaters 3 (which will be described later). The calcu- 
lator 6 further includes an heater ON/OFF priority deter- 
mining circuit 8 for the heaters 3, which functions as a 
heater and/or cooler ON/OFF priority output circuit, and 
a heater peak power managing section 9. Each of N 
thermal control objects 2-, , 2 2 , 2 3 ...2j ... (hereinafter will 
be referred to as "objects") (N a 2) is provided with a 
heater 3-,, 3 2 . 3 3 ... 3| a temperature sensor 4^ 4 2 , 
4 3 ... 4j a switch 5 1f 5 2 , 5 3 ... 5, ... forturning on or off 
the heater 3 according to instructions from the calculator 
6. In the drawing, numerals 2 - 5 have subscripts 1, 2, 
3, ... i ... in this order from the top, to indicate that a plu- 
rality of elements are provided. 
[0021] In this embodiment, the heater ON/OFF prior- 
ity determining circuit 8 selects candidate heaters to be 
turned on, and interprets the priority from the order val- 
ues for turning on heaters, as determined according to 
the heater ON/OFF priority determining logic installed 
therein. Then, according to a heater peak power man- 
aging logic installed in the heater peak power managing 
section 9, the heater peak power managing section 9 
determines the heaters to be actually turned on, based 
on the priority determined by the ON/OFF priority deter- 
mining circuit 8, such that the peak power (maximum 
power) which is sum of the power consumed by the 
turned-on heaters does not exceed a limit, and turns the 
selected heaters on. Although the limit of peak power 
(maximum power) by all the turned-on heaters (also re- 
ferred to as "total heaters") must be greater than the av- 
erage power of the total heaters, the limit can be approx- 
imate to the average power due to balance of heat. Ac- 
cordingly, by setting the limit of the peak power (maxi- 
mum power) by the total heaters to be slightly greater 
than the average powerthereof, the total power of a plu- 
rality of heaters 3 varies in the vicinity of the average 
power as shown in Fig. 5, so that the peak power (max- 
imum power of the total heaters) can be reduced to a 
level which is only slightly greater than the average pow- 
er thereof. 

[0022] Referring to Figs. 2 and 3, examples of the 
heater ON/OFF priority determining logic in the ON/OFF 
priority determining circuit 8 and of the heater peak pow- 
er managing logic in the heater peak power managing 
section 9 according to this embodiment are illustrated. 
The specific operation according to these logic will now 
be with reference to Figs. 1 to 3. 
[0023] Referring first to Fig. 2, one example of order 
determination in the heater ON/OFF priority determining 
logic will be described. In this example, an order is as- 
signed for each heater regarding turning on, based on 
temperature response of the thermal control object and 
a difference At in temperature between the temperature 
of the object and the minimum temperature required for 
turning the heater 3 on (which corresponds to the tem- 
perature Tia in the example shown in Fig.8). In Fig. 2, 
circled numerals© ,(D ,(3) ,...(§) indicate order values. 
In the hysteresis state, the temperature at which the 



heater 3 is turned on is shifted from the temperature at 
which the heater 3 is turned off, so that the heater 3 is 
switched on and off relatively infrequently. In this hys- 
teresis region, the heater 3 maintains the current status 

5 as long as the conditions of the heater peak power man- 
aging logic, which will be described later, are satisfied. 
(Specifically, as a rule, the heater which is currently ON 
remains ON, while the heater which is currently OFF re- 
mains OFF) The hysteresis region as described herein 

10 is a level of "OFF maintaining temperature". Inclusion of 
the level of "OFF maintaining temperature" in the tem- 
perature control range leads to advantages such as, for 
example, elimination of unnecessary power consump- 
tion and reduction in operation performed by a heater 

'5 peak power managing section , as will be described later. 
Further, AT is selected so as to satisfy Tia + 3AT S Tib, 
where Tia represents a lower limit control temperature 
which means a limit in the lower temperature within a 
temperature control range of the thermal control object 

20 2i when performing thermal control by means of heaters, 
and Tib represents an upper limit control temperature 
which means a limit in the higher temperature within a 
temperature control range of the thermal control object 
2i when performing thermal control by means of heaters. 

25 Numeral value "3" in the above expression may appro- 
priately be replaced with other numeral values such that 
optimum control can be performed in accordance with 
the number and the temperature range of heaters, as 
well as temperature response. 

30 [0024] To determine the priority of the heaters, the 
ON/OFF priority determining circuit 8 comprises a digital 
circuit configured such that digital data which is convert- 
ed from the temperature of a thermal control object 2i 
measured by the temperature sensor 4i by means of an 

35 A/D converter are input to a data base which stores a 
table shown in Fig. 2 for example, and the information 
on the priority of the corresponding heater 3i are output, 
or a logic circuit configured such that a signal which 
identifies a thermal control object 2i and a temperature 

40 value of the thermal control object 2i measured by the 
temperature sensor 4i are Input therein and information 
on the priority are output. 

[0025] For example, when the temperature measured 
by the temperature sensor 4 1 is (1 ,5AT + Tia) and the 

45 temperature response of the thermal control object 2 1 
is fast, the ON/OFF priority determining circuit 8 reads 
that the order value is© from the table shown in Fig. 
2, and determines that the heater 3 1 is a candidate to 
be turned on due to the temperature difference At from 

50 Tia being AT - 2AT. On the other hand, when the tem- 
perature measured by the temperature sensor 4 2 is 
(2.5AT + Tia) and the temperature response of the ther- 
mal control object 2 2 is slow, the ON/OFF priority deter- 
mining circuit 8 interprets that the temperature differ- 

55 ence At from Tia falls within 2AT ~ 3AT and determines 
that the heater 3 2 is to be turned off. 
[0026] The ON/OFF priority determining circuit 8 uses 
the order values to determine the priority of the heater, 
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such as, for example, the heater 3 1 this priority indicat- 
ing an order in which the heaters are to be turned on. 
[0027] Referringto Fig. 3, an example of thermal con- 
trol operation of the peak power managing logic of the 
heater peak power managing section 9, in a state where 5 
the peak power of the heaters 3 is reduced, will be de- 
scribed. 

[0028] First, at step S11 , the temperature Ti of each 
thermal control object2i is measured bythe temperature 
sensor 4i. A heater to be turned off is determined ac- '0 
cording to the heater ON/OFF priority determining logic 
of Fig. 2 at step S12, and the heater 3i is turned off at 
step S13. Then, with regard to the heater 3i which is 
determined not to be OFF (namely, ON or hysteresis in 
Fig. 2) according to the heater ON/OFF priority deter- '5 
mining logic of Fig. 2, it is determined at step S14 if the 
heater 3i is in a hysteresis state. When the heater 3i is 
in a hysteresis state and is currently OFF (step S15), 
the heater 3i remains OFF. Thus, all the heaters 3 to be 
OFF are excluded, and consequently the heater which 20 
is determined to be ON according to the heater ON/OFF 
priority determining logic at step S14 and the heater 
which is determined to be in a hysteresis state and is 
now ON at step S15 proceed to the subsequent step 
S16 as candidate heaters 3j to be turned on. For exam- 25 
pie, assuming that the temperature of the heater 31 is 
(0.5AT + Tia) and temperature response of the corre- 
sponding thermal control object 2 1 is fast, that the tem- 
perature of the heater 3 2 is (2. BAT + Tia) and tempera- 
ture response of the corresponding thermal control ob- 30 
ject2 2 is medium, and that the temperature of the heater 
3$ is (3AT + Tia) and temperature response of the cor- 
responding thermal control object 2 3 is slow, the order 
values of the heaters 3 1 , 3 2 , 3 3 according to the logic of 
Fig. 2 are @ , © and OFF, respectively. Accordingly, 35 
the priority of the candidate heaters 3j to be turned on 
are, in order, heater 3-, (order value© ) and heater 3 2 
(order value® ). 

[0029] At step S1 6, the heater power Pj of each of the 
candidate heaters 3j is calculated using a voltage V and 40 
resistance Rj thereof according to the following expres- 
sion (1). 

Pj = V 2 /Rj (1) 45 

[0030] Then , using the heater power Pj of each heater 
3j, the total power Pt of the heaters 3j when they are 
turned on in the order of priority {© ,© ,(D , m^.^, 
m h , ...® ) obtained based on the ON/OFF priority logic 50 
of Fig. 2 is found. For example, provided that the sum 
of the heater power of the heaters 3j with order© is 
£Pj(© ), the sum of the heater power of heaters 3j with 
order© is 2Pj(@ ), and the sum of the heater power of 
heaters 3j with order value m h is ZPj(m h ), the total power 55 
Pt of the heaters with order values© to m h is added in 
order of the priority as shown in the following expression 



(2)- 

Pt=ZPj© + ZPj© + ... + IPj(m h ) (2) 

[0031] At step S17, it is determined when the total 
power Pt of the heaters obtained by sequentially adding 
the heater power of each candidate heater 3j in the pri- 
ority order exceeds the limit value PI of the peak power 
(maximum power), and the value of order value m h of 
the heater whose addition caused the power to exceed 
the limit is determined. At step S18, the heaters 3j with 
order values© to m^j, which is one before the order 
value m h , are turned on whereas the heaters 3j with the 
order value m h and after that are turned off. 
[0032] In this manner, thetotal power Pt of the heaters 
falls within the limit PI as indicated by the following ex- 
pression (3), and a series of heater ON/OFF setting op- 
erations by means of the heater ON/OFF priority deter- 
mining logic and the peak power managing logic are 
completed. 

Pt = ZPj© + ZPj© + ... + SPj(m (tv1) ) < PI (3) 

(wherein it is assumed a sum of the heater power of 
heaters 3j with order value© is ZPj(© ), a sum of the 
heater power of heaters 3j with order value (5) is 2Pj 
(© ), and a sum of the heater power of heaters 3j with 
order value m h is IPj(m h )) 

[0033] Then, the process returns to the first step S1 1 
where the temperature Ti of each thermal control object 
is measured, and the above-mentioned series of oper- 
ations are repeated. 

[0034] According to the foregoing process, the tem- 
perature Ti of a thermal control object varies as shown 
in Fig. 4. Fig. 4 shows the temperature response when 
one example of thermal control of the present invention 
is performed for a thermal control object with medium 
temperature response in Fig. 2. In contrast to the con- 
ventional thermal control in which the temperature of the 
thermal control object varies in a range between Tia ~ 
Tib as shown in Fig. 8, in the present invention, ON/OFF 
of the heaters is generally performed sufficiently within 
the range of Tia ~ Tib and the temperature of the ther- 
mal control objects also falls sufficiently within the range 
of Tia ~ Tib. According to the logic of related art shown 
Fig. 7, the heater is not turned on until the temperature 
drops to Tia and must be always turned on once the tem- 
perature drops to Tia. According to the present inven- 
tion, on the other hand, as shown in Fig. 2, the heaters 
are allowed to be turned on before the temperature 
drops to Tia, in which case the heaters need not neces- 
sarily be turned on, and it is therefore possible to provide 
a significant degree of freedom for ON/OFF of the heat- 
ers. 

[0035] In addition, when thetotal power Pt of the heat- 
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ers is too small with respect to the limit PI of the peak 
power (maximum power), the heaters can be turned on 
according to a priority, even before the temperature 
drops to Tia. Contrary to this, when the total power Pt 
exceeds the limit value P1 of the peak power (maximum 
power), the heaters can be turned off in the reversed 
order of priority. 

[0036] As described above, the total heater power Pt 
is controlled to fall within a limit P1 of the peak power 
(maximum power) which is setto be slightly greater than 
the average power of the heaters while providing great 
degree of freedom for heater ON/OFF. Because of this, 
the total heater power Pt varies within a range near the 
average power as shown in Fig. 5. While in the conven- 
tional system, the peak power (maximum power) is sig- 
nificantly greater than the average power as shown in 
Fig. 9, in the present invention, the peak power (maxi- 
mum power) can be reduced to a level only slightly 
greater than the average power as shown in Fig. 5. 
[0037] According to the present invention, it is there- 
fore possible to reduce the heater peak power (maxi- 
mum power) required for thermally controlling a space 
craft such as an artificial satellite, which leads to a re- 
duction in the maximum power of the power system of 
the space craft which supplies power to the heaters, 
thereby simplifying the design of the power system. This 
advantage also results in a reduction in the weight of a 
power source to be installed on a space craft while low- 
ering cost. 

[0038] In particular, there has been proposed a sys- 
tem in which docking is performed in a space station or 
the like. In such a system, electrical power is often sup- 
plied from one docked object to another, and consump- 
tion of power by the object to which power is supplied 
must be strictly managed. When the thermal control ap- 
paratus of the present embodiment is used for a trans- 
porter (space craft) to be docked to a space station, for 
example, it is possible to reduce the heater power. 
Therefore, it is possible to manufacture a space craft 
which can meet the above-described strict requirements 
for power management. 

[0039] Although an example heater ON/OFF priority 
determining logic as shown in Fig. 2 is used in the fore- 
going example, other logic may alternatively be used as 
long as such logic satisfies the requirements of the in- 
vention. Further, when a number of thermal control ob- 
jects are provided, many of the heaters may be assigned 
in the same rank of temperature response when the 
above-described three-level ranking is adopted, if this 
is the case, the temperature response may be subdivid- 
ed into four or more ranks. Alternatively, items in the 
same rank may be further ranked according to another 
criteria. (For example, anotherthree-level ranking is fur- 
ther applied in the same rank, such that an order of 0 - 
1 ,® -2,0 -3,® -1,® -2,® -3, ...® -1,® -2,® -3 is 
set.) 

[0040] In the foregoing example, heaters are used as 
a heat source for thermal control. The present invention, 



however, is applicable to other types of heating appara- 
tuses using electrical power. Further, the concept of the 
present invention is also applicable to thermal control 
by means of a cooling apparatus using an electrical 
5 power, to thereby reduce the peak power of the cooling 
apparatus. In case of thermal control by means of cool- 
ers, contrary to thermal control by means of heaters, the 
above-mentioned lower limit control temperature Tia 
means the limit in the higher temperature within a tem- 
10 perature control range of the thermal control object 2i, 
and the term "lower limit" refers to "the limit value of 
higher temperature". Similarly, the above-mentioned 
upper limit control temperature Tib means the limit in the 
lowertemperature within a temperature control range of 
is the thermal control object 2i, and the term "upper limit" 
refers to "the limit value of lowertemperature". Forther- 
mal control by means of coolers, AT is selected such 
that it satisfies Tia - 3AT § Tib. However, numeral value 
3 in the foregoing expression may be appropriately re- 
placed with other numeral values such that optimum 
control can be performed in accordance with the number 
and the temperature range of coolers as well as temper- 
ature response. Further, the foregoing example de- 
scribed reduction in peak power of a thermal control ap- 
paratus to which electrical power is supplied as energy. 
However, it is matter of course that the concept of the 
present invention is also applicable to reduction in the 
peak amount of other energy to be supplied such as gas 
or petroleum. 

[0041] While the preferred embodiment of the present 
invention has been described using specific terms, such 
description is for illustrative purposes only, and it is to 
be understood that changes and variations may be 
made without departing from the spirit or scope of the 
appended claims. 



Claims 

1 . A thermal control apparatus comprising: 

a plurality of heaters and/or coolers each con- 
trolled to be on and off for changing a temper- 
ature of each of a plurality of thermal control 
objects; 

for each of said plurality of thermal control ob- 
jects, a temperature sensor for measuring the 
temperature of the thermal control object and 
for outputting the measured temperature; 
a heater and/or cooler ON/OFF priority reading 
table which, in response to input of said meas- 
ured temperature, outputs a priority for turning 
on each of said plurality of heaters and/or cool- 
ers, based on said measured temperature and 
a predetermined order value for turning on said 
plurality of heaters and/or coolers in corre- 
spondence with temperature; and 
an energy managing section for turning on a 
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heater or cooler with high priority and turning 
off a heater or cooler with low priority based on 
said priority output from said ON/OFF priority 
reading table, such that the sum of energy sup- 
plied for actuating said plurality of heaters or 5 
coolers does not exceed a predetermined en- 
ergy limit. 

A thermal control apparatus according to claim 2, 
wherein said order values are determined for each 10 
of a plurality of temperature levels within a temper- 
ature control range established for each of said plu- 
rality of thermal control objects. 

A thermal control apparatus according to claim 1 , is 
wherein said priority is determined based on the 
speed of temperature response of said plurality of 
thermal control objects. 

A thermal control apparatus according to claim 3, 20 
wherein higher priority is assigned to a heater or 
cooler of a thermal control object with higher speed 
of temperature response and to a heater or cooler 
of a thermal control object whose measured tem- 
perature is more approximate to a lower limit. 25 

A thermal control apparatus according to claim 2, 
wherein said temperature control range includes a 
level of upper limit approximate temperature adjoin- 
ing the upper limit of said temperature control 30 
range, and when said measured temperature falls 
within said level of upper limit approximate temper- 
ature, a heater or cooler provided in the thermal 
control object having said measured temperature is 
turned off. 35 

A thermal control apparatus according to claim 2, 
wherein said temperature control range includes a 
level of OFF maintaining temperature, such that, 
when said measured temperature falls within said 40 
level of OFF maintaining temperature and a heater 
or cooler provided in the thermal control object hav- 
ing said measured temperature is in an off state, the 
heater or cooler is controlled to be maintained in an 
off state. 45 



trolling a plurality of thermal control objects. 

10. A thermal control method for controlling a plurality 
of heaters and/or coolers and controlled to be on 
and off for changing the temperature of the thermal 
control object, the temperature of each of said plu- 
rality of thermal control objects being measured by 
each of a plurality of sensors, said thermal control 
method comprising: 

a first step of determining priority for turning on 
said heaters or coolers based on said meas- 
ured temperature; 

a second step of sequentially adding energy 
supplied for turning the heater orthe cooler on, 
in the order starting from a heater or a cooler 
with higher priority of the heaters orthe coolers 
whose priority is determined in said first step; 
and 

a third step of sequentially comparing the sum 
of energy sequentially added in said second 
step with an energy limit and, when the sum of 
energy exceeds said energy limit, turning on 
the heaters or the coolers corresponding to the 
energy which was added immediately before 
the time when the energy limit is exceeded, 

wherein said first, second, and third steps are 
repeatedly executed. 



A thermal control apparatus according to claim 6, 
wherein the upper limit of said level of OFF main- 
taining temperature adjoins the lower limit of said 
level of upper limit approximate temperature. so 

A thermal control apparatus according to claims 1 
to 7, wherein said energy limit is set to be slightly 
greater than the average energy level for said heat- 
ers or coolers in operation. 55 

A space craft provided with a thermal control appa- 
ratus according to claims 1 to 8 for thermally con- 
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The method is carried out by monitoring each 
user load circuit with a microprocessor 
control unit (Sl-Sn) assigned directly to each 
user, to determine the operating condition and 
its power take-up. There is an interchangeable 
exchange of data between the control units 
and across the transmission medium. The total 
power take-up is continuously determined, 
and this is supplied across the medium to each 
control unit. An automatic control of the 
switching ON and OFF or changeover for a 
greater or less current take up is carried out by 

the control units. Each control unit is 
instantaneously validated concerning the 
specified importance of ON and OFF 
switching or for the control of reduced or 
increased individual power take-up, and for 
supply to further switching means for 
introducing to user loads, for the remainder of 
the users connected to the mains. The final 
automatic control is achieved according to the 
instantaneous importance of the individual 
user loadings. 



